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1. INTRODUCTION 
Almond glycopeptidase cleaves pecifically fl-as- 
partyl-glucosylamine linkages in glycoproteins 
with asialocarbohydrate moieties [1-3]. We have 
reported that the enzyme is an excellent ool in 
biochemical analyses of asparagine-linked oligo- 
saccharides such as a xylose-containing oligosac- 
charide of stem bromelain [4], high-mannose-type 
and hybrid-type oligosaccharides in hen oval- 
bumin [5] and a complex-type oligosaccharide in
human fibrinogen [6]. Neuraminidase is the only 
enzyme that has been available for the character- 
ization of glycoproteins in correlated biochemical 
and histochemical systems. Methods for the histo- 
chemical demonstration of glycoproteins have not 
yet led to the differentiation of serum-type (N- 
glycosidically linked) and mucin-type (O-glycosi- 
dically linked) carbohydrates, which have precisely 
been defined in biochemical terms. 
We have attempted to employ the glycopep- 
tidase in biochemical and histochemical nalyses 
of glycoproteins in human placenta nd umbilical 
cord tissues. Biochemically, glycoproteins with as- 
paragine-linked oligosaccharides of complex type 
were shown to be present commonly in different 
components of the tissues. Histochemically, diges- 
tion with the enzyme reduced apparently the stain- 
ing for neutral carbohydrates in particular histo- 
Abbreviations: PO-RCA-DAB, peroxidase-labelled 
Ricinus communis agglutinin I-diaminobenzidine; PAS, 
periodic acid-Schiff; TLC, thin-layer chromatography 
logical structures, substantiating the potential 
usefulness of the enzyme for the localization of 
glycoproteins in tissues. 
2. EXPERIMENTAL 
Almond glycopeptidase was prepared from al- 
mond nuts as in [3]. The enzyme preparation used 
was essentially free from proteases. Pieces of 
human placenta and umbilical cord tissues were 
fixed at 4°C for 24-48 h in 10% formalin con- 
taining 2% calcium acetate [7]. From the umbilical 
cord tissues, arteries, veins and matrices were sepa- 
rated for the biochemical nalyses. 
2.1. Preparation and analyses of oligosaccharides in 
tissues 
Each 1 g of the 4 kinds of fixed tissues was cut 
into segments and homogenized in 10ml 0.1 M 
Tris-HCl buffer (pH 8.0). Each homogenate was 
digested with 10 mg pronase for 2 days. The reac- 
tion mixture was heated at 90°C (pH 2.0) for 1 h to 
eliminate sialic acid in the carbohydrate moieties. 
The desialylated glycopeptides were digested with 
100~1 (10 munits) of almond glycopeptidase in
l ml 1M citrate-phosphate buffer (pH 5.0) at 
37°C for 20 h. The reaction mixture was then cen- 
trifuged and the supernatant applied on a column 
of Bio-Gel P-4. Oligosaccharide fractions were fur- 
ther analyzed by TLC [8]. The oligosaccharides 
isolated by TLC were extracted with water and hy- 
drolyzed by 2.5 M trifluoroacetic acid at 100°C for 
6 h [9]. The resulting monosaccharide mixtures 
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were analyzed with high-performance liquid chro- 
matography using Shimadzu Model LC-3A. 
2.2. Procedures of histochemical experimentations 
Deparaffinized sections were prepared routinely 
from the fixed tissue specimens and subjected to 
either PO-RCA-DAB [10] or PAS [11] staining 
procedure. Prior to PAS staining, all the tissue sec- 
tions were digested with c~-amylase [12]. Prior to 
either PO-RCA-DAB or a-amylase-PAS pro- 
cedure, control tissue sections were digestion with 
neuraminidase [13,14], whereas ample tissue sec- 
tions were digested first with neuraminidase and 
then with almond glycopeptidase (10 munits/ 
100 ~1) [1--31. 
3. RESULTS AND DISCUSSION 
3.1. Bioehemical profile of oligosaccharides 
The oligosaccharides released from desialylated 
glycopeptides of the 4 kinds of tissues (human pla- 
centa, umbilical arteries, veins and matrices) were 
separated by chromatography on Bio-Gel P-4 
(fig.i): carbohydrate peak I reflects the amount of 
carbohydrates left in glycopeptides; carbohydrate 
peak II reflects the amount of oligosaccharides re- 
leased" by the glycopeptidase. The relative ratio of 
the oligosaccharides released to the parent carbo- 
hydrates was estimated to be 58.0%, 27.2%, 28.8% 
and 41.8%, respectively. Fig.2 shows typical oligo- 
saccharide profiles obtained by TLC. The patterns 
of thin-layer chromatograms obtained from the 4 
kinds of tissues were found to be almost identical. 
Asparagine-linked oligosaccharides of apparent 
molecular size larger than that of isomaltododeca- 
ose, were predominantly distributed in the 4 kinds 
of tissues. According to the analyses by high-per- 
formance liquid chromatography, these oligosac- 
charides were all composed of the following sug- 
ars: Gal/Man/GlcN. From the average molar 
ratios, the partial structures of the oligosaccharides 
were suggested to be biantennary, biantennary 
with an intercalated glucosamine, triantennary, tri- 
antennary with an intercalated glucosamine and 
tetraantennary. This diversity of the size of oligo- 
saccharides i believed to be an outcome of the 
mechanism of biosynthesis of the carbohydrate 
units; the N-glycosidically linked oligosaccharide 
is transferred in toto to the peptide backbone of a 
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Fig.l. Bio-Gel P-4 column chromatography of the oligo- 
saccharides obtained by almond glycopeptidase diges- 
tion. Bio-Gel P-4 (100-200 mesh) column chromatogra- 
phy was performed with a column (1.7 x 65 cm) at 
53°C. The oligosaccharides obtained by almond 
glycopeptidase digestion were elut d with water. Frac- 
tions (5 ml) were collected and neutral sugars were as- 
sayed with the orcinol-HzSO4 reagent I16]. Oligosac- 
charide fractions indicated by bars were pooled. Arrows 
at the top indicate the eluting position of standard 
glucose oligomers (numbers indicate the glucose units): 
(A) oligosaccharides from placenta; (B) from umbilical 
artery; (C) from vein; (D) from matrix. 
nascent polypeptide chain by a co- or post-transla- 
tional modification. 
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Fig.2. Thin-layer chromatography of the oligosaccharide 
fractions. TLC was performed on a silica gel 60 plate 
(Merck Art. 5553) with n-propanol/acetic acid/water 
(3:3:2, by vol.) as a solvent. The color producing reagent 
on a silica gel plate was orcinol-H2SO4 reagent. 
Oligosaccharide fractions obtained from Bio-Gel P-4 
column chromatography (fig.l) were separated by re- 
peated TLC; that is, each sample scraped from a silica 
gel plate was again applied to the numbered origin of 
the plate, respectively. Oligosaccharides from: (A) pla- 
centa; (B) umbilical artery; (C) vein; (D) matrix; (R) 
mixture of standard glucose oligomers (numbers indi- 
cate glucose units). 
Fig.3. (a) Control human placental tissues tained by the PO--RCA-DAB-procedure (× 100); (b) control human um- 
bilical cord tissues tained by the PAS procedure (× 50); (c) human placental tissues stained by the PO-RCA--DAB 
procedure following digestion with glycopeptidase (x 100); (d) human umbilical cord tissues stained by the PAS pro- 
cedure following digestion with glycopeptidase (x  50); Vi, Vile By, blood vessels: Pv, perivascular tissues: A, artery: 
M, matrix. 
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3.2. Histochemical localization of ligosaccharides 
In the control tissues, the villi, vascular walls 
and perivascular tissues of human placenta and 
the matrices and arterial and venous walls of 
human umbilical cord exhibited positive PO-  
RCA-DAB (fig.3a) and PAS (fig.3b) reactions of 
moderate or strong intensities. Digestion with al- 
mond glycopeptidase r duced apparently the in- 
tensities of both reactions not only in the histologi- 
cal structures of human placenta mentioned 
(fig.3c) but in those of human umbilical cord 
(fig.3d). In view of the known selectivities of the 
staining procedures employed here [10,11,15] and 
the substrate specificity of almond glycopeptidase 
[1-3], the above results show the presence of gly- 
coproteins with asparagine-linked oligosaccharides 
in the 2 types of tissues. 
Further biochemical and histochemical studies 
are now in progress with a view to employ the 
novel enzyme for precise recognition of particular 
glycoproteins involved in normal and pathological 
tissues. 
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